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ABSTRACT 

Frequency v a r i a t i o n s ,  caused  by o s c i l l a t o r  d r i f t  and 

d o p p l e r  s h i f t ,  are expec ted  t o  o c c u r  a t  t h e  I F  i n p u t  o f  t h e  

Apol lo  VHF r ang ing  r e c e i v e r .  I t  i s  shown t h a t  t h e  wors t  c a s e ,  

co r re spond ing  t o  t h e  f requency  v a r i a t i o n  o f  t h e  t h i r d  harmonic 

o f  the  r ang ing  m i d  t o n e ,  i s  228.939 KHz r e f e r e n c e d  t o  t h e  nominal 

I F  c e n t e r  f requency of t h e  r ang ing  r e c e i v e r .  S i n c e  t h e  r e c e i v e r  

I F  bandwidth ( 3  d b )  i s  +32.5 KHz, adecruate bandwidth i s  a v a i l a b l e  

t o  pass t h e  c r i t i c a l  f r e q u e n c i e s  for all ranging tones used i n  

t h i s  s y s t e m .  
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MEMORANDUM FOR FILE 

I.  I n t r o d u c t i o n  

The Apollo VHF rang ing  s y s t e m  c o n s i s t s  of a Dig i t a l  
Hanging Genera to r  (DRG) which  i n t e r f a c e s  w i t h  a VHF trans;-  
c e i v e r  aboa rd  t h e  CSM and a Range Tone T r a n s f e r  Assembly 
(RTTA) which i n t e r f a c e s  w i t h  a s imilar  t r a n s c e i v e r  aboa rd  
the  LM. The t r a n s c e i v e r s  a r e  mod i f i ed  v e r s i o n s  o f  ones  p r e -  
v i o u s l y  used  f o r  v o i c e / d a t a  communications.  The new t r a n s -  
c e i v e r s  have been modi f ied  t o  p r o c e s s  t h e  r a n g i n g  s i g n a l s ,  b u t  
o t h e r w i s e  o p e r a t e  i n  t h e  same manner and on the  same f r e q u e n c i e s ,  
and are used  t o  e s t a b l i s h  t h e  two-way communications l i n k  between 
t h e  LM and the  CSM. 

Under dynamic f l i g h t  c o n d i t i o n s ,  f r equency  v a r i a t i o n s  
are e x p e c t e d  to o c c u r  a t  each r e c e i v e r  I F  i n p u t .  These f r equency  
v a r i a t i o n s  are caused  by master o s c i l l a t o r  d r i f t  a t  t h e  t r a n s -  
m i t t e r ,  l o c a l  o s c i l l a t o r  d r i f t  a t  the  r e c e i v e r ,  and d o p p l e r  
s h i f t  due to t h e  r e l a t i v e  v e l o c i t y  between t h e  LM and CSM. Thus,  
t h e  r e c e i v e  I F  car r ie r  frequency u s u a l l y  i s  d i s p l a c e d  from t h e  
r e c e i v e r ' s  nominal 30 MHz I F  c e n t e r  f r equency .  S i n c e  t h e  I F  
bandwidth i s  much nar rower  than  t h e  RF bandwidth,  t h e  I F  i s  t h e  
c o n s t r a i n i n g  f a c t o r  on t h e  o v e r a l l  r e c e i v e r  bandwidth.  

The pu rpose  o f  t h i s  memorandum i s  to i n v e s t i g a t e  and 
v e r i f y  t h a t  adequate  I F  bandwidth i s  p r o v i d e d  i n  each  r e c e i v e r  
t o  accommodate wors t  ca se  f requency  v a r i a t i o n s  such  t h a t  a l l  
r e q u i r e d  s p e c t r a l  components o f  t h e  r e c e i v e  r a n g i n g  s i g n a l  can 
pass th rough  t h e  r e c e i v e r  I F  to t h e  envelope  d e t e c t o r .  

11. De te rmina t ion  of Worst Case I F  Carrier Frequency Offse t  
from Nominal I F  Cen te r  Frequency 

For  pu rposes  o f  t h i s  i n v e s t i g a t i o n ,  t h e  LM t o  CSM 
l i n k  i s  chosen f o r  t h e  wors t  c a s e  because  i t  o p e r a t e s  a t  t h e  
h igher  RF f requency  (296 .8  MHz nominal v s .  259.7 MHz f o r  t h e  
CSM t o  LM l i n k ) .  T h i s  choice  r e s u l t s  i n  b o t h  a l a r g e r  d o p p l e r  
s h i f t  f o r  a g i v e n  r e l a t i v e  v e l o c i t y  between t h e  LM and CSM, and 
la rger  O s c i l l a t o r  d r i f t s  ( a l l o w a b l e  d r i f t  i s  s p e c i f i e d  i n  terms 
O f  p e r c e n t  of t h e  nominal f r e q u e n c y ) .  S i n c e  t h e  I F  bandwidth 
c h a r a c t e r i s t i c  of t h e  LM and CSM r a n g i n g  r e c e i v e r  i s  iden tLca1 ,  
s a t i s f a c t o r y  performance o f  the LM t o  CSM l i n k  w i l l  i n s u r e  sa t i s -  
f a c t o r y  performance of t h e  l o w e r  f r equency ,  CSM to LM l i n k .  
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System pa rame te r s  o f  t h e  LM t o  CSM l i n k  are p r e s e n t e d  
below. 

Transmitter Frequency: 236.8 MHz *O.OO3% 

R e c e i v e r  L.O. Frequency: 266.8 MHz :0.003% 

Maximum Allowable Do p l e r  S h i f t :  i 181  H z  
( co r re spond ing  t o  P-600 f e e t / s e c o n d )  

A w o r s t  c a s e  o f f s e t  of t h e  I F  c a r r i e r  f requency  from t h e  nominal 
30 MHz I F  c e n t e r  f requency  can b e  c a l c u l a t e d  by adding t h e s e  f a c -  
t o r s  a l g e b r a i c a l l y .  Thus : 

Maximum Offset  of  T r a n s m i t t e r  Frequency: 28.904 K H z  

Maximum Offset  o f  Rece iver  L.O. Frequency: 78.004 K H z  
Maximum O f f s e t  o f  I F  C a r r i e r  Frequency:  f16.908 K H z  

( N o  Doppler)  

Maximum Allowable Doppler S h i f t :  20.181 K H z  
Maximum Offset  o f  I F  Carrier Frequency 

from Nominal I F  Center  Frequency: 217.089 K H z  

Measurement of I F  bandwidths  by RCA have y i e l d e d  t y p i c a l  
v a l u e s  of  65 K H z  ( 3  db)  and 85 K H z  ( 6  d b ) . *  Thus, more t h a n  
adequate  bandwidth i s  provided  t o  p a s s  t h e  r e c e i v e  I F  c a r r i e r .  
Now i t  i s  n e c e s s a r y  t o  de te rmine  i f  a l l  r e q u i r e d  s p e c t r a l  components 
o f  t h e  r ang ing  s i g n a l  can pass  t he  f i l t e r  wh i l e  o p e r a t i n g  i n  t h e  
above wors t  case c o n d i t i o n .  

111. Dete rmina t ion  o f  Worst Case S p e c t r a l  Component Offset from 
Nominal I F  Center  Frequency 

During r a n g i n g  o p e r a t i o n  of  t h e  system, one of  th ree  
s q u a r e  wave t o n e s  i s  ampli tude modulated o n t o  t h e  LM t o  CSM l i n k .  
The desired s q u a r e  wave t o n e  i s  s e l e c t e d  acco rd ing  t o  a sequence 
programmed i n t o  t h e  r ang ing  s y s t e m ,  The squa re  wave t o n e  f r e q u e n c i e s  
are l i s t e d  below. 

Mid Tone 3.950 KHz 

Mid and Coarse Tone 3.950 K H z  CB 247 H z  

F ine  Tone 

* P e r  t e l ephone  
September  24 ,  1968. 

31.596 K H z  

conve r sa t ion  w i t h  J.  Connelly of RCA, 
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The m i d  t o n e ,  and the m i d  and c o a r s e  t o n e ,  are used  
du r ing  the a c q u i s i t i o n  phase o f  t h e  r a n g i n g  sequence.  These 
s i g n a l s ,  100% AM modulated on the  c a r r i e r ,  must p a s s  t h e  I F  
bandpass  f i l t e r .  Assuming tha t  the  f i r s t  and t h i r d  harmonics  
are r e q u i r e d  f o r  adequate  performance,  a r e q u i r e d  s p e c t r a l  
com onent  ( t h i r d  harmonic of t h e  3.950 KHz s q u a r e  wave) e x i s t s  
at  $11.850 KHz r e f e r e n c e d  t o  t he  I F  c a r r i e r  f requency .  

When the  f i n e  t o n e  i s  r e c e i v e d ,  t h e  e a r l y / l a t e  g a t e  
o f  t h e  r e c e i v e r  g e n e r a t e s  an e r r o r  s i g n a l  having  s p e c t r a l  com- 
ponen t s  a t  k5.266 KHz r e f e r e n c e d  t o  t he  I F  c a r r i e r  f r equency .  
These s p e c t r a l  components also must p a s s  t h e  f i l t e r .  

From t h i s  cu r so ry  a n a l y s i s ,  i t  i s  e v i d e n t  t h a t  t h e  
w o r s t  ca se  s p e c t r a l  component i s  t h e  t h i r d  harmonic o f  t h e  
3.950 KHz m i d  t one .  Thus, t he  w o r s t  c a s e  o f f s e t  o f  t h i s  s p e c t r a l  
f requency  i s  de termined  as fo l lows :  

Maximum Offset o f  I F  C a r r i e r  Frequency from Nominal 
I F  Center  Frequency: +17.089 KHz 

T h i r d  Harmonic o f  Mid Tone 211.850 KHz 

Maximum Offset  o f  T h i r d  Harmonic from Nominal 228.939 KHz 
I F  Center  Frequency 

I V .  Conclusions 

t y p i c a l  v a l u e s  o f  532.5 KHz from t h e  nominal I F  c e n t e r  f r equency ,  
a l l  r e q u i r e d  s p e c t r a l  components can pass through t h e  r e c e i v e r  
I F  even under  wors t  ca se  c o n d i t i o n s .  These r e s u l t s  are pre-  
d i c a t e d ,  o f  cour se ,  on t h e  a c t u a l  equipment meet ing  t h e  above ' 
c h a r a c t e r i s t i c s .  From the  above c a l c u l a t i o n s ,  i t  i s  e v i d e n t  t h a t  
approximate ly  3.5 KHz bandwidth margin i s  a v a i l a b l e  a t  each  end  
of t h e  bandpass  t o  p rov ide  f o r  minor  equipment i r r e g u l a r i t i e s ;  
e . g . ,  i m p e r f e c t  c e n t e r i n g  of t h e  bandpass  f i l t e r  c h a r a c t e r i s t i c  
on  30 MHz. The re fo re ,  a c c e p t a b l e  s y s t e m  performance s h o u l d  b e  
a t t a i n e d  even when o p e r a t i n g  t h i s  equipment under  w o r s t  c a s e  
c o n d i t i o n s .  

S i n c e  measured va lues  o f  I F  3 db bandwidths  y i e l d  

20 34-KHS- j r K. H. Schmid 
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